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GLYCERIN BY-PRODUCTS AND METHODS
OF USING SAME

BACKGROUND

The present invention relates generally to grinding aid
technologies. More specifically, the present invention relates
to grinding aid compositions and methods of using the same.

The grinding operation consumes substantial quantities of
energy. As the particles get finer, grinding progressively
becomes more energy intensive. It 1s, therefore, a common
practice to employ grinding aids which increase the efficiency
of the grinding operation and thereby the throughput of the
orinding maill.

Grinding aids are materials that facilitate grinding 1n ball,
rod, or roller mills by compensating the charges on freshly
broken surfaces. Through adsorption of the molecules of
grinding aids to the surfaces of ground particles, the surface
energy requirements are satisfied. This minimizes particle
agglomeration and prevents caking of the mill interior wall
and coating of the grinding media. Mill efficiency and
throughput are increased as a result.

Many grinding aid formulations are based on glycols. It 1s
desirable to provide and utilize cost-effective grinding aids
that are environmentally friendly and preferably derived from
renewable sources.

SUMMARY

The present invention relates generally to grinding aid
technologies. More specifically, the present invention relates
to grinding aid compositions and methods of using the same.

In an embodiment, the present invention provides a method
of efficiently grinding solid matenials. For example, the
method can comprise mixing the solid material with the
orinding aid, and using a grinding media such as steel balls to
orind the solids. Grinding aid can also be introduced during
the grinding operation. The grinding aid composition can
comprise one or more glycerin by-products derived from a
biodiesel manufacturing process. The grinding aid composi-
tion can also comprise one or more glycerin by-products of
transesterification reactions involving triglycerides. The
orinding aid can be added to the grinding process as a solu-
tion.

In an embodiment, the glycerin by-product can be gener-
ated during the manufacture of biodiesel. Biodiesel can be
manufactured through a transesterification process in which
vegetable oils and/or animal fats are converted to fatty acid
alkyl esters and by-products containing glycerin.

In an embodiment, the glycerin by-product comprises
about 50 to about 95 weight percent of glycerin.

In an embodiment, the glycerin by-product further com-
prises one or more components selected from the group con-
sisting of methyl esters, non-glycerol organic material, col-
lectively called “MONG”, salts, methanol, water and
combinations thereof.

In an embodiment, the glycerin by-product further com-
prises one or more inorganic salts.

In another embodiment, the present invention provides a
method of efficiently grinding solid matenal. For example,
the method can comprise adding a grinding aid composition
to the solid material to reduce the energy requirement to grind
the solid material. The grinding aid composition can com-
prise one or more glycerin by-products dertved from a biodie-
sel manufacturing process. Grinding aid facilitates grinding
in ball, rod, or roller mills, by eliminating ball coating and
caking by dispersing the ground solid material. The grinding
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aid can be added 1n solution to the mill feed or directly 1nto the
mill 1tself. The grinding aid prevents ball coating and conse-
quently mill efficiency 1s increased. Power cost 1s thus
reduced.

In another embodiment, the present invention provides a
grinding aid composition comprising glycerin by-products of
transesterification reactions mvolving triglycerides.

An advantage of the present invention 1s to provide cost-
elfective method of grinding solid materials. The present
invention offers further advantages in that it 1s environmen-
tally friendly and derived from renewable sources.

Additional features and advantages are described herein,
and will be apparent from, the following Detailed Descrip-
tion.

DETAILED DESCRIPTION

The present invention relates generally to grinding aid
technologies. More specifically, the present invention relates
to grinding aid compositions comprising glycerin containing
by-products of biodiesel manufacturing processes, and/or
transesterification reactions involving triglycenides and
methods of using same.

In the present specification, the term “grinding aid” should
be understood to mean compositions that facilitate grinding.
Suitable processes for accomplishing this include, but are not
limited to, grinding portland cement clinker, calcined and
non-calcined limestone, and similar technologies.

In the present specification, the term “by-products” should
be understood to mean by-products derived from biodiesel
manufacturing processes, and/or transesterification reactions
involving triglycerides. Environmentally friendly means
non-hazardous, non-toxic, biodegradable, and derived from
renewable sources.

In an embodiment, the present invention provides grinding
aid compositions comprising glycerin-contaiming by-prod-
ucts of transesterification reactions involving triglycerides.

In an embodiment, the present invention provides grinding,
aid compositions comprising glycerin-contaiming by-prod-
ucts of biodiesel manufacturing processes.

The glycerin by-products of biodiesel manufacturing of the
present mnvention can be economic and effective grinding
aids, for example, to grind portland cement clinker. In addi-
tion, the glycerin by-products are environmentally friendly
and derived from renewable sources. The glycerin by-prod-
ucts are also non-flammable and can provide benefits 1n appli-
cations where there 1s a “high or no” flash point requirement.
For example, portland cement clinker 1s often ground when 1t
1s hotter than 50° C. The glycerin by-products can be used to
supplement or replace conventional hazardous grinding aids
such as glycol mixtures that include ethylene glycol, a toxic
material. The present invention offers an added benefit of not
posing any environmental and/or human health hazard if acci-
dentally released into the environment and/or 1f contacted by
humans and/or animals.

Biodiesel 1s a cleaner-burning diesel replacement fuel
made from natural, renewable sources. For example, biodie-
sel can include fatty acid alkyl esters used as a cleaner-burn-
ing diesel replacement fuel made from sources such as new
and used vegetable oils and animal fats.

According to the American Fuel Data Center of the U.S.
Department of Energy, approximately 55% of the biodiesel 1s
currently produced from recycled fat or o1l feedstock, includ-
ing recycled cooking grease. The other half of the industry 1s
limited to vegetable oils, the least expensive of which 1s soy
o1l. The soy industry has been the driving force behind biodie-
sel commercialization because of excess production capacity,
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product surpluses, and declining prices. Similar 1ssues apply
to the recycled grease and animal fats industry, even though
these feedstocks are less expensive than soy o1ls. Based on the
combined resources of both industries, there 1s enough of the
feedstock to supply 1.9 billion gallons of biodiesel.

Biodiesel can be made through a chemical process called
transesterification 1n which vegetable o1l or animal fats are
converted to fatty acid alkyl esters and glycerin by-products.
Such o1ls and fats 1include, for example, tallow, crude tall o1l,
coconut o1l, rapeseed oil, canola oil, palm kernel o1l and
soybean o1l. Triglycerides, the principal components of ani-
mal fats and of vegetable o1ls, are esters of glycerol, a trihy-
dric alcohol, with fatty acids of varying molecular weight.
Three synthetic pathways can be used to produce fatty acid
alkyl esters from oils and fats:

base-catalyzed transesterification of the oil;
direct acid-catalyzed esterification of the o1l; and

conversion of the o1l to fatty acids and subsequent esterifica-
tion to biodiesel.

The majority of fatty acid alkyl esters are produced by the
base-catalyzed method. In general, the catalyst used for trans-
esterification of the o1l to produce biodiesel commercially can
be typically any base, most preferably sodium hydroxide or
potassium hydroxide.

In the biodiesel manufacturing process, the oils and fats
can be filtered and preprocessed to remove water and con-
taminants. I free fatty acids are present, they can be removed
or transformed into biodiesel using special pretreatment tech-
nologies, such as acid catalyzed esterification. The pretreated
o1ls and fats can then be mixed with an alcohol and a catalyst
(e.g. base). The base used for the reaction 1s typically sodium
hydroxide or potassium hydroxide, being dissolved in the
alcohol used (typically ethanol or methanol) to form the cor-
responding alkoxide, with standard agitation or mixing. It
should be appreciated that any suitable base can be used. The
alkoxide may then be charged 1nto a closed reaction vessel,
and the o1ls and fats are added. The system can then be closed,
and held at about 71° C. (160° F.) for a period of about 1 to 8
hours, although some systems recommend that the reactions
take place at room temperature.

Once the reactions are complete the o1l molecules (e.g.
triglycerides) are broken apart and two major products are
produced: 1) a crude fatty acid alkyl esters phase (1.e. biodie-
sel phase) and 2) a glycerin by-product phase. Typically, the
crude fatty acid alkyl esters phase forms a layer on top of the
denser glycerin by-product phase. Because the glycerin by-
product phase 1s denser than the biodiesel phase, the two can
be gravity separated. For example, the glycerin by-product
phase can be simply drawn ol the bottom of a settling vessel.
In some cases, a centrifuge may be employed to speed the
separation of the two phases.

The glycerin by-product phase typically consists of a mix-
ture of glycerin, methyl esters, methanol, mong, inorganic
salts and water. Mong 1s “material organic non glycerol”.
Mong normally consists of soaps, free fatty acids, and other
impurities.

Typical norganic salts include, for example, salts (e.g.
chlonides and sulfates) of sodium, potassium and/or calcium.
In an embodiment, the by-products can contain about 0.1 to
about 7 weight percent of the mnorganic salts. In an embodi-
ment, the mnorganic salts are selected from sodium and potas-
sium chloride.

In an embodiment, the glycerin by-product phase com-
prises a mixture of about 50 to about 95 weight percent
glycerin, about 0.01 to about 5 weight percent methyl esters
and methanol, about 0.1 to about 3 weight percent mong,
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about 0.1 to about 7 weight percent inorganic salts and about
4 to about 49 weight percent water.

The glycerin by-products of biodiesel manufacturing are
inexpensive and their use can be economical and effective for
a variety of grinding aid technologies. For example, this
invention offers an alternative to existing grinding aid formu-
lations such as those disclosed 1in U.S. Pat. No. 4,204,877
which describes the use of di-, tr1-, and tetraglycerol, and
mixtures thereof. The present invention offers an alternative
that 1s economical and derived from renewable sources.

In an embodiment, the present invention provides methods
of grinding solid matenals. For example, the grinding aid
compositions comprising the glycerin by-products can be
uselul 1n grinding the following maternials including, but not
limited to, portland cement clinker, calcined and non-cal-
cined limestone, mineral ores, oxide and non-oxide ceramics,
or man-made matter. The grinding aid compositions can also
be used 1n conjunction with other suitable grinding aid for-
mulations and/or cement or concrete additives. These addi-
tives can be mixed with the byproduct glycerin grinding aid
and used to control setting behavior of portland cement and
prevent deleterious reactions in concrete that compromise
durability.

In an embodiment, the solid 1s portland cement clinker.

In an embodiment, the portland cement clinker 1s formed
by pyroprocessing an intimate mixture of finely ground lime-
stone, clay, and suitable source of iron oxide. In the case of
portland cement, the clinker 1s ground with the addition of
about 3 to about 5 percent of gypsum to control the setting
properties of the finished cement. Small amounts of other
substances may be added during grinding to impart special
properties to the product. Portland cement 1s commonly
ground to 90% (by mass) finer than 44 um (325-mesh).

Grinding aids are matenials that facilitate grinding by
climinating caking and ball coating by dispersing the material
being ground. The grinding aids may be added in concen-
trated form or may be diluted with up to about 50 weight
percent of water or other suitable diluents, or a mixture
thereof. The grinding aids may be added to the mill feed or
directly 1into the mill itself. Grinding aids used 1n grinding
cement clinker are added from 0.006% to 0.08% of the clinker
weight. The majority of grinding aids are substances work by
adsorption to the ground particles, so that surface charge
requirements are satisfied, which reduces the number of
unsatisiied bonds to attract other particles and cause agglom-
eration. Grinding aids improves mill efficiency by increasing
throughput, reducing power demand, and smoothing opera-
tions. Grinding aids also increase the efficiency of air sepa-
rators by dispersing the solids so that the smaller solids are not
carried by the larger ones. This improves the classification
process and assist meeting the quality requirements. By
climination of the surface energy forces that normally cause
inter-particle attraction, grinding aids improve flowability
alter grinding and prevents hang-ups 1n storage silos.

While the present invention 1s described above 1n connec-
tion with representative or illustrative embodiments, these
embodiments are not intended to be exhaustive or limiting of
the invention. Rather, the invention 1s intended to cover all
alternatives, modifications and equivalents included within
its spirit and scope, as defined by the appended claims.

The invention 1s claimed as follows:

1. A grinding agent composition comprising steel balls and
at least one of a biodiesel manufacturing process by-product
consists of glycerin, mong, methyl esters, methanol, 1nor-
ganic salt and water or a transesterification reactions involv-
ing triglycerides by-product consist of glycerin, mong,
methyl esters, methanol, 1norganic salt and water or a mixture




US 7,892,353 B2

S

thereot which reduces the agglomeration of ground particles

in a grinding operation and reduces the energy required to
grind such particle.

2. The composition of claim 1 1n which the by-product
comprises about 50 to about 90 weight percent of glycerin.

3. The composition according to claim 1 wherein the by-
product comprises about 0.1 to about 7 weight percent of one
Or more organic salt.

4. The composition of claim 1 wherein the by-product 1s
diluted with up to about 50 weight percentage of water.

6

5. The composition of claim 1 1n which the composition
excludes the presence of diglycerol, triglycerol, tetraglycerol,
and any combination thereof.

6. The composition of claim 1 1n which the by-product 1s
non-tlammable and has no flash point.

7. The composition of claim 1 wherein the by-product
reduces the energy needed to grind particles at least in part by
being strongly absorbed by the particles.

8. The composition of claim 1 1 which ground particles

10 coating the steel balls 1s prevented.
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